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Interpretation of Backcalculated Layer 
Moduli of Crack-and-Seat Pavement from 
Falling Weight Deflectometer Data 

MUSTAQUE HOSSAIN AND LARRY A. SCOFIELD 

In 1986 the Arizona Department of Transportation rehabilitated 
a section of Interstate 40 using a crack-and-seat technique. The 
project, in north-central Arizona, consisted of cracking the ex
isting jointed plain concrete pavement in a 3- x 3-ft pattern and 
seating these areas before placing a 4-in. asphalt concrete overlay. 
Two test sections, each 0.1-mi long, were constructed on the 
project. One of these test sections used a nominal crack spacing 
of 4- x 6-ft, and the other a spacing of 2- x 2-ft to investigate 
the effect of crack spacing on the performance of this project. 
To establish the changes in effective modulus of cracked portland 
cement concrete (PCC), falling weight deflectometer (FWD) test
ing was conducted for 5 years after construction. Layer moduli 
were backcalculated from the FWD deflection test results using 
an elastic layer analysis program. The structural layer coefficients 
for the cracked PCC layer were analyzed to establish a difference 
in structural characteristics of sections with various crack spac
ings. Large variations in the effective modulus of the cracked 
PCC layer were obtained from the backcalculation technique. 
Unreasonably high moduli were computed through this process. 
The backcalculated concrete moduli tended to fluctuate over time, 
but no definite trends were established. The structural layer coef
ficients of the cracked PCC layer were also analyzed. This analysis 
showed that there is no remarkable difference in structural re
sponse of cracked and seated concrete pavement corresponding 
to various crack spacings. 

Interstate 40 is one of Arizona's major east-west trucking 
routes. It is a four-lane divided highway in the northern part 
of the state. Approximately 4 percent of its 718 mi (total, 
both directions) consists of plain jointed concrete pavements 
(JPCP). As I-40 concrete pavements attain their 20-year de
sign lives, they require extensive rehabilitation. One form of 
rehabilitation used was cracking and seating the existing con
crete pavement followed by an asphalt concrete (AC) overlay. 
In 1986 Project I-40-3(31) was designed for rehabilitation with 
the cracking-and seating before the placement of a 4-in. hot
mix asphalt concrete (HMAC) overlay. This strategy was se
lected because of structural deterioration of the existing con
crete pavement. Two test sections and three crack spacing 
intervals were incorporated into the project as part of the 
experiment with optimum crack spacing. The objective was 
to study the effectiveness of the crack-and-seat strategy and 
the effect of crack spacing on the mitigation of reflective 
cracking. The changes in the effective modulus of broken 
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concrete was planned to be evaluated through backcalculation 
of layer moduli from falling weight deflectometer (FWD) test 
data. This paper describes the structural analysis of this proj
ect using FWD data. 

PROJECT LOCATION AND DESCRIPTION 

The project is located on I-40 approximately 10 mi west of 
Williams in north-central Arizona. Soils in this area are re
sidual soils derived from volcanic parent rock and range from 
well-graded sand (SW) to clays (CH). Mean annual precipi
tation is approximately 20 in. The mean daily temperature is 
60°F with extremes between 97°F and - 22°F (J). 

Existing Pavement Section 

The original concrete construction project extended from 
Milepost (MP) 152.1 to 158.6 and included both eastbound 
(EB) and westbound (WB) roadways. Each roadway con
sisted of two 12-ft concrete lanes with 4-ft and 10-ft asphalt 
concrete shoulders on the inside and outside, respectively. 
The project incurs approximately 12,000 average daily traffic, 
with 38 percent truck traffic. The pavement section consisted 
of 8 in. of JPCP on 4 in. of cement-treated base (CTB) over 
6 in. of subgrade seal (engineering fill), as shown in Figure 
1. The existing EB roadway was opened to traffic in 1968, 
whereas the WB roadway was opened in 1967. Transverse 
joints were established at 15-ft intervals. Both transverse and 
longitudinal joints were sawed at the time of constr~ction. 

Design Consideration and Layout 

Two test sections were established on this project to evaluate 
the effect of crack spacing. The two test sections, each 0.1 mi 
in length, were constructed at the extreme west end of the 
project, as shown in Figure 2. The crack-and-seat spacings 
for the test sections were selected as 2 x 2 ft and 4 x 6 ft. 
These spacings represented crack intervals that were both 
larger and smaller than the originally specified 3- x 3-ft spac
ing. The 3- x 3-ft spacing was considered the "control" sec
tion. The 2- x 2-ft and 4- x 6-ft spacings represented intervals 
previously used in other states. 
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FIGURE 1 Original pavement section. 
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FIGURE 2 Layout of test sections. 

CONSTRUCTION FEATURES 

The project consisted of cracking and seating the existing 8-
in. JPCP, installing edge drains adjacent to the outside shoul
der, and placing a 4-in. HMAC overlay across the entire 
roadway, including both shoulders. 

The cracking required that the specified crack spacing would 
be obtained by cracking the existing portland cement concrete 
(PCC) slab with a method that produced full-depth, generally 
transverse, hairline cracks at a nominal longitudinal spacing 
of 3 x 3 ft. The only exception was at MP 152.1 to 152.2 
(WB) and. at MP 152.2 to 153.3 (WB) where the nominal 
spacing was 4 x 6 ft and 2 x 2 ft, respectively. Inspection 
of the cracking effectiveness was performed by applying water 
to a test section <?nce each day. Also, cores were retrieved to 

M.P. M.P. M.P. 

WB ROADWAY 156.035 156.29 158.6 

--·-

make sure that the cracking had progressed full depth. A 
Michigan whip hammer was used to perform the cracking 
operation. Construction specifications required seating to be 
accomplished by at least two passes of a 50-ton pneumatic 
roller or until the concrete pieces were assured of being seated. 
During construction, this was accomplished by a "wagon-like" 
tire roller fitted with sand ballast. 

Cracked pavement segments were required to be seated not 
more than 24 hr before receiving the asphalt concrete overlay 
and not more than 72 hr after cracking. Traffic was allowed 
on the cracked and seated concrete for no more than 72 hr. 
Evaluation of the seating effectiveness was based on the judg
ment of the engineer. After seating was complete, the 4-in. 
overlay was placed in two lifts. The project was completed in 
November 1986 (2). 
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FALLING WEIGHT DEFLECTOMETER TESTING 

FWD was conducted every year from 1987 through 1991. The 
FWD testing was performed with a Dynatest model 8000 with 
sensor locations of 0, 12, 24, 36, 48, 60, and 72 in. from the 
center of the load at target load levels of 6,000, 9,000, and 
12,000 lb. The FWD testing was performed at the same 18 
locations on the test and "control" sections each year on the 
outer wheel path, and usually, 2 to 3 ft from the edge of the 
lane. The tests were performed in summer from late morning 
to early afternoon. 

As mentioned before, the FWD test was done to establish 
how the effective moduli of broken concrete pavement changed 
with time. Since the Michigan whip hammer imparted so little 
fracture energy into the pavement during construction, it was 
assumed that the effective modulus would decrease with time 
as the effects of thermal changes and freeze-thaw acted to 
reduce the aggregate interlock at the fracture locations. 

Analysis Methodology 

The FWD deflection data were analyzed using the BKCHEVM 
elastic layer computer program to backcalculate the layer moduli 
(3). BKCHEVM is a minor modification of CHEVDEF pro
gram (4). Backcalculations were performed on FWD test re
sults from four locations within Section 1 and four locations 
within Section 2. Ten test locations were analyzed for the 
control section. 

The pavement was assumed to be a four-layer flexible pave
ment system. Layer 1 was the AC overlay, Layer 2 was the 
cracked and seated PCC pavement (PCCP), Layer 3 was the 
CTB, and Layer 4 was the sub grade that generally was as
sumed to be semi-infinite. However, BKCHEVM automati
cally introduced a rigid layer at 20 ft below the top of the 
subgrade when it detected a rigid layer. The rigid layer was. 
detected by using the seventh sensor deflection value. Details 
ofBKCHEVM are discussed by Bush and Alexander (4). The 
subgrade seal layer was considered as part of the subgrade. 
The subgrade seal layer can be considered as an engineering 
fill layer consisting of soil-aggregate mixtures. The deflection 
values corresponding to the load level closest to 9 ,000 lb were 
used for backcalculation of layer moduli. 

Backcalculation Results 

Asphalt Concrete 

Table 1 shows the backcalculated asphalt concrete moduli for 
all the test sections. The moduli have been adjusted for tem
perature at 77°F using AASHTO correction factors. From the 
table it is clear that the backcalculated AC moduli for various 
test sections fluctuate over the years. The average modulus 
varies from 69 to 978 ksi. The average backcalculated AC 
moduli for Test Section 3 or control section is higher than 
that for the other test sections. 

Broken PCC Layer 

The results of the backcalculated cracked PCC layer moduli 
are shown in Table 2. Figure 3 illustrates the results. Very 
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TABLE 1 Backcalculated AC Moduli for Crack-and-Sea~ Project 

Year Section 1 Section 2 Control Section 
Modulus (ksi) Modulus (ksi) Modulus (ksil 

Mean Std. c.v. Mean Std. c.v. Mean Std. c.v. 
Dev. Dev. Dev. 

1987 412 281 55 441 95 22 451 100 22 

1988 69 15 21 89 5 5 149 123 83 

1989 638 328 47 656 358 55 978 298 30 

1990 379 180 48 379 157 41 470 201 43 

1991 129 33 25 246 268 109 259 305 118 

TABLE 2 Backcalculated Cracked PCC Moduli for Crack-and
Seat Project 

Year Section 1 Section 2 Control Section 
Modulus (ksi) Modulus (ksi) Modulus (ksi) 

Mean Std. c.v. Mean Std. c.v. Mean Std. c.v. 
Dev. Dev. Dev. 

1987 6491 3316 51 6672 3484 52 5772 3500 61 

1988 3910 2197 56 4876 3598 74 6224 3585 58 

1989 8083 4152 51 5676 5553 98 3344 3107 93 

1990 4407 5078 115 4602 4938 107 2936 3335 114 

1991 3125 3924 126 1592 1729 109 4255 4093 96 

high concrete pavement moduli were obtained for every year 
that was included in the analysis. The average PCC moduli 
typically ranged between 3.3 and 7 million lb/in. 2 • Individual 
test results ranged from a low of 140,000 lb/in. 2 to a high of 
11. 7 million lb/in. 2 • The large standard deviation and coeffi
cient of variation existed for every year. The average moduli 
for Test Sections 1 and 2 and the control section suggest a 
fluctuation of cracked PCCP layer moduli with time. Test 
Sections 1 and 2 show a decrease of cracked PCCP layer 
modulus since 1989. But the control section does not show 
any trend. 

Comparison' with Laboratory Test Results 

Four 4-in.-diameter cores were retrieved from the PCC layer 
during the design phase. Compression tests with strain mea
surements were conducted on these cores to assess the struc
tural integrity of the concrete. The results of this testing are 
shown in Table 3. The laboratoty test results indicated that 
even though the compressive strength was 7,000 to 9,000 lb/ 
in. 2 , the modulus was only 2 million lb/in. 2 • This rather low 
modulus was reported in the project design summary as an 
indication of the poor concrete condition. The Asphalt Con
crete Institute relationship between compressive strength and 
modulus suggests that the modulus is of the order of 5 million 
lb/in. 2 (5). 

The backcalculation results suggest that little reduction in 
effective modulus has resulted from the crack-and-seat pro
cess. The backcalculated moduli are comparable to the results 
calculated from the compressive strength test results (5 million 
lb/in. 2) of the concrete cores obtained during the design phase. 
The results suggest that the cracking of the PCC layer did not 
result in a reduction of this layer modulus. 
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FIGURE 3 Backcalculated cracked PCC moduli. 

TABLE 3 Concrete Test Results 

Laboratory Calculated 
Compressive Determined Modulus 

Location Strength Modulus (57000/v'f'cl 
of Core (psi) (psi) (psi) 

153.02 EB 7180 2.12x108 

5.1x108 

159.98 EB 9019 2.41x106 

152.1 WB 6614 1.54x108 

5.0x108 

159.0 WB . 8860 1.31x108 

Cement-Treated Base 

Table 4 shows the average moduli for cement-treated base 
layer. The backcalculated moduli for this layer were also quite 
variable. The coefficient of variation of backcalculated layer 
moduli varies from 16 to 194 percent. The average layer mod
ulus varies from 27 to 123 ksi over the last 5 years. The CTB 
was observed to be severely deteriorated at the time of con
struction of a subsurface drainage trench in this project. Also, 
energy imparted for cracking concrete might have led to more 
deterioration and apparently contributed to the very low mod
uli of CTB layer for most of the cases. 

TABLE 4 Backcalculated Cement-Treated Base Moduli 

Year Section 1 Section 2 Control Section 
Modulus (ksi) Modulus (ksi) Modulus (ksil 

Mean .Std. c.v. Mean Std. c.v. Mean Std. c.v. 
Dev. Dev. Dev. 

1987 70 11 16 58 11 19 82 63 77 

1988 44 7 16 43 9 20 78 27 35 

1989 43 16 37 56 13 24 123 167 136 

1990 27 5 19 27 5 19 70 135 194 

1991 118 155 131 38 15 41 76 97 127 

Sub grade 

The backcalculated subgrade moduli for all test sections as 
well as the control section are shown in Table 5. Minimum 
variability was obtained in backcalculated subgrade moduli. 
The coefficient of variation ranged between 8 and 30 percent. 
All sections except the control section showed a minor vari-
ation in subgrade moduli over time. The average subgrade 
moduli for the control section varied between 18 ksi and 34 
ksi over the last 5 years. 

DETERMINATION OF STRUCTURAL LAYER 
COEFFICIENTS 

The structural layer coefficients for the cracked concrete layer 
was analyzed to establish the difference in structural char
acteristics of sections with various crack spacings. The results 
of the backcalculation analysis were used to calculate the 
structural layer coefficients using both the 1986 AASHTO 
guide procedures and the modified National Asphalt Pave
ment Association (NAPA) procedures (6, 7). AASHTO pro
cedures are explained in the guide. The AASHTO procedure 
is valid for cracked and seated concrete moduli up to 950,000 

TABLE 5 Backcalculated Subgrade Moduli 

Year Section 1 Section 2 Control Section 
Modulus (ksi) Modulus (ksi) Modulus (ksi) 

Mean Std. c.v. Mean Std. c.v. Mean Std. c.v. 
Dev. Dev. Dev. 

1987 20 2 8 23 4 18 28 3 9 

1988 24 4 15 27 3 12 18 6 30 

1989 23 3 14 27 6 23 34 7 27 

1990 20 4 19 26 2 9 18 5 27 

1991 21 3 16 29 7 24 21 3 16 
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lb/in. 2 • Because most of the backcalculated PCCP layer mod
uli values of this project were far above 950,000 lb/in. 2 , the 
layer coefficients corresponding to the moduli values greater 
than 950,000 lb/in. 2 have been taken as 0.44, the maximum 
layer coefficient for cracked and seated concrete in the 
AASHTO guide. 

In the NAPA method used for this analysis, backcalculati_on 
for determination of effective modulus of cracked and seated 
concrete was done by BKCHEVM. Only the equation for 
computing the structural layer coefficient of cracked and seated 
concrete in the NAPA procedure has been used. The cement
treated base layer coefficient and modulus were assumed to 
be 0.12 and 500,000 lb/in. 2

, respectively. The NAPA equation 
for computing the structural layer coefficient of cracked and 
seated concrete is as follows: 

where 

acs structural layer coefficient of cracked and seated 
concrete, 

Ecs = effective modulus of cracked and seated layer (lb/ 
in. 2), 

a2 = layer coefficient for the base (CTB), and 
E2 = layer modulus of the base (CTB) (lb/in. 2). 

The cement-treated base layer coefficient and modulus were 
held fixed throughout the analysis for a valid comparison of 
change in effective modulus over time and also between the 
crack spacings. 

The calculated structural layer coefficients for both the 
AASHTO procedures and the modified NAP A procedures 
are shown in Table 6. These results indicate the variation in 
layer coefficients with both time and spacing. It is obvious 
that the modified NAPA procedures resulted in decreased 
coefficients with time for the 6- x 4-ft and the 2- x 2-ft crack 
patterns. 

The NAPA coefficients were generally lower than the mag
nitude of the AASHTO coefficients. In most of the cases, 

TABLE 6 Variation of PCCP Structural Layer 
Coefficients with Crack Spacing and Time 

PCCP Structural PCCP Structural 
layer layer 

Year Crack Spacing Coefficient Coefficient 
(AASHTOJ (NAPA) 

1987 2'x2' 0.44 0.27 
3'x3' 0.44 0.255 
6'x4' 0.42 0.24 

1988 2'x2' 0.44 0.23 
3'x3' 0.44 0.26 
6'x4' 0.44 0.24 

1989 2'x2' 0.44 0.29 
3'x3' 0.44 ·0.206. 
6'x4' 0.39 0.229 

1990 2'x2' 0.44 0.206 
3'x3' 0.43 0.203 
6'x4' 0.395 0.208 

1991 2'x2' 0.435 0.197 
3'x3' 0.43 0.218 
6'x4' 0.41 0.161 
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AASHTO coefficients have been taken as the highest coef
ficient tabulated in the guide. A comparison of the structural 
layer coefficients with those from any procedure yields no 
definite conclusions about the difference in structural char
acteristics of the sections with various crack spacings. 

CONCLUSIONS 

Large variations in the effective modulus of the cracked con
crete pavement were obtained from the backcalculation pro
cedures using elastic layer analysis. Unreasonably high PCCP 
moduli values appear to have been computed through this 
process. PCCP moduli for various crack spacings tended to 
fluctuate over time. No consistent trends were evident. 

The AASHTO procedure for computing structural layer 
coefficients was not applicable to most of the data for this· 
project because of unusually high cracked and seated concrete 
moduli. The AASHTO procedure has tabulated values of 
structural layer coefficients for cracked and seated concrete 
moduli up to 950,000 lb/in. 2 • The structural layer coefficients 
predicted by the modified NAP A procedures appear to de
crease with time for 6- x 4-ft spacing. 

RECOMMENDATIONS 

Future crack and seat projects should include a control section 
that is not cracked and seated, and an FWD test should also 
be conducted on the control section. An FWD test should be 
conducted before cracking, just after cracking and seating, 
and also after overlaying. An alternative analysis method to 
elastic layer analysis may be helpful for analyzing crack-and
seat pavements. 
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